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In memoriam: Josh Wallman, PhD, 1943–2012
Editorial introducing the special issue of Experimental Eye Research in tribute to
Josh WallmanThis special issue of Experimental Eye Research is dedicated to
thememory of JoshWallman, who passed away on Saturday, March
3rd, 2012. He was 68 years old. Josh was well known and respected
in the vision and neuroscience communities as a creative and inno-
vative scientist. We have lost a great colleague, and those who
knew him well have lost a wonderful collaborator and dear friend.
Josh’s science spanned a variety of areas and he left lasting con-
tributions to them all. The articles contained in this special issue
represent several of these, and stand as a durable tribute to the sig-
niﬁcant impact Josh had, not only on the science, but on the inves-
tigators engaged in research in these areas. Some of his greatest
scientiﬁc contributions were on the topics of visual control of eye
growth and development of myopia. Accordingly, most of the
papers included in this special issue review current topics in
emmetropization andmyopia research, areas that have been signif-
icantly inﬂuenced by Josh’s research and ideas. His interest in eye
movement as behavior is represented by a review of recent work
by his colleagues that provide insights into mechanisms of
adaptation.
1. Early brilliance
Josh’s research interests have always been centered on under-
standing and explaining how the environment and experience
affect development, animal behavior, and neural plasticity. These
ideas can be traced back to his days as a high school student at the
Bronx High School of Science. There Josh developed several clever
experiments that showed that the stereotyped courtship displays
in ringneck doves were not “ﬁxed actions patterns” genetically
hardwired into the nervous system, but rather could be modiﬁed
by changes to the bird’s sensory experience during the displays.
Josh’s results called into question widely held theories of animal
behavior championed by Nobel Prize laureates Konrad Lorenz
and Nikko Tinbergen at that time. Josh’s study was nationally
recognized when he won the Westinghouse Science Talent Search
in 1961 (http://www.societyforscience.org/page.aspx?pid=656).
The Westinghouse award was an important career stepping-
stone for Josh. His next stop was Harvard University where he
worked in the laboratory of the Nobel Prize winning retinal physi-
ologist, George Wald. Josh went on to work with several other
prominent scientists. He completed his PhD in 1972 at Tufts Univer-
sity where he worked on color vision in Japanese quail with the
behavioral neuroscientist Kenneth Roeder. He then completed a
post-doc at the Institute for Animal Behavior at Rutgers University
working with comparative psychologist Daniel Lehrman. Josh0014-4835/– see front matter  2013 Elsevier Ltd.
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Open access under CC BY-NC-ND licensreturned to New York City and accepted his ﬁrst and only faculty
position in the Department of Biology at The City College of New
York where he was a dedicated faculty for 39 years, and over which
time made many transformative scientiﬁc contributions. His broad
research interests continued to be centered on the visual system
and behavior, and, over the course of his career, he examined the
visual control of the refractive development of the eye, the ocular
physiology and cell biology of eye growth, the behavior and neuro-
physiology of eye movements, animal behavior, and ornithology.2. An inﬂuential scientist
Josh combined his interests in vision, neurophysiology, and
behavior to develop his own unique research path. His work on
neurophysiology and plasticity of eye movements spanned a vari-
ety of topics (e.g. Wallman et al., 1982; Wallman and Pettigrew,
1985; Marin et al., 1990; Wallman and Fuchs, 1998), including an
insightful paper in Nature that showed that saccadic oscillations
characteristic to many birds act to perfuse nutrients to the retina
(Pettigrew et al., 1990).
Josh became interested in saccade adaptation during his grad-
uate training at Tuft’s where he was inﬂuenced by seminal experi-
ments showing saccade amplitudes were adaptable (McLaughlin
et al., 1967). Josh, himself, became a leading ﬁgure in the ﬁeld of
saccade adaptation. In a set of elegant experiments, he and Albert
Fuchs demonstrated that visual error, as opposed to visual remap-
ping, guides saccade adaptation and is coded at a late motor stage
(Wallman and Fuchs, 1998). His more recent work was motivated
by the idea that saccade adaptation may be an effective model sys-
tem in which to study simple motor learning in general. The tradi-
tional view suggested that this motor learning was essentially to
calibrate eye movements, but Josh and colleagues challenged this
view by showing that targets calling for the same eye movement
vector could evoke different saccades sizes depending on the visual
properties of the stimulus (Herman et al., 2009). This level of visu-
ally contextual adaptation could not serve a motor recalibration
function and suggests a more general form of associative learning.
Similarly, he has found evidence of reinforcement-driven saccade
adaptation (Madelain et al., 2011).
Josh was also very interested in visual attention and its interac-
tion with human eye movement planning. He discovered a strong
effect of the spatial scale of attention on saccadic reaction times
and pursuit movements (Madelain et al., 2005; Harwood et al.,
2008). In addition, because attention is automatically shifted to
the next saccade’s target, he asked whether attention might acte.
Josh Wallman was a talented scientist and a generous and selﬂess man.
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could be adapted and whether it could alter saccadic behavior. In
several ingenious and difﬁcult experiments, Josh and colleagues
showed that attention could, indeed, be adapted and it also affected
saccades as he predicted (McFadden et al., 2002). New studies in his
lab, in progress at the time of his passing, further support the atten-
tional error signal in saccade adaptation.
Josh may be best known for his more than three decades of
research on the visual control of eye growth and the development
of myopia. During that time he made many important contribu-
tions, including several that were transformational and opened
up entirely new lines of investigation. For his many contributions
to our understanding of the control of eye growth, and its relation-
ship to the development of myopia, Josh received the 2012 Frieden-
wald Award from ARVO.
In paradigm-shifting experimental work (Sherman et al., 1977;
Weisel and Raviola, 1977; Wallman et al., 1978), Josh was one of
the ﬁrst to show that myopia is not a purely genetic condition. For
the remainder of his career he championed the idea that visual expe-
rience across the retina is crucial to the regulation of eye growth and
the development of refractive state. His early work in the area estab-
lished the phenomenology of form deprivation myopia in chicks
(Wallman et al., 1981; Wallman and Adams, 1987); he showed
how visual deprivation deregulated eye growth resulting in axial
elongation and myopia, and how, when vision was restored, the
eye could compensate and return to emmetropia. Josh was particu-
larly interested in determining whether visual experience could
actively regulate eye growth and refractive state and, together
with the seminal study by Schaeffel et al. (1988), which itself was
inﬂuenced by Josh’s earlier studies, established that the eye could
indeed detect and grow to compensate for the sign and magnitude
of imposed retinal defocus (Wallman, 1990; Troilo and Wallman,
1991; Wallman, 1994a,b; Wallman, 1995; Wallman, 1995; Wallman
and McFadden, 1995; Wallman, 1998; Wallman and Winawer,2004; Wallman and Nickla, 2010; Zhu et al., 2013). His work also
led to an important ﬁnding that has driven much of the work in
the ﬁeld ever since, that the growth and shape of the eye, and its
refractive state across the retina, is regulated by local retinal mech-
anisms using visual signals related to defocus (Gottlieb et al., 1987;
Wallman et al., 1987; Troilo et al., 1987; Miles and Wallman, 1990),
and further that ciliary muscle activity and accommodative effort
were not required for this regulation (Schaeffel et al., 1990).
Another important discovery from his lab was the hitherto un-
known role for the choroid in adjusting refractive state (Wallman
et al., 1995; Wildsoet and Wallman, 1995), which opened several
new lines of investigation into its possible role in eye growth and
the potential importance of the phases of the diurnal rhythms in
choroidal thickness and eye length (Nickla et al., 1998). These
studies also helped focus questions about the biochemistry of eye
growth including the search for retinal and choroidal signal mole-
cules and their role in modiﬁcations of scleral extracellular matrix
(Christensen and Wallman, 1991; Marzani and Wallman, 1997;
Nickla et al., 1997; Lind et al., 1998; Fischer et al., 2000; Mertz
and Wallman, 2000; McFadden et al., 2006; Zhu and Wallman,
2009). Together, these studies transformed thinking about the
mechanisms of visually regulated eye growth and stimulated inves-
tigators around the world to develop new lines of research and
continue to make signiﬁcant contributions.
Despite his ever-broadening interests, Josh’s interest in how the
visual stimulus was used to signal eye development never waned.
In recent years his work helped to explain the nature of the defocus
signals used in the regulation of eye growth (McLean andWallman,
2003; Park et al., 2003; Zhu et al., 2003; Rucker andWallman, 2008,
2009) and how they are temporally integrated (Winawer and
Wallman, 2002; Zhu et al., 2005; Zhu and Wallman, 2009). These
are among themost difﬁcult questions in the ﬁeld and require inno-
vative experiments to tease the answers out. Just the kind of scien-
tiﬁc challenge Josh loved to work on.
3. A generous and selﬂess man
Josh’s sciencewas never constrained bymethodology – hewas a
remarkably gifted master of invention. He loved to build experi-
mental set-ups and adopt new technologies, and sought out collab-
orators who could provide the necessary expertise to meet a need,
whatever it might be. One of the more notable examples of this was
the development of a high-frequency ultrasound system having the
precision to measure changes in axial length and ocular tissues on
the order of several microns. This systemwas a workhorse that led
to many discoveries. More impressive, however, and most repre-
sentative of the kind of person and scientist that Josh was, was
not his scientiﬁc foresight, but his remarkable generosity in allow-
ing any and all interested researchers complete and open access to
the technology and supporting software. This one piece of equip-
ment spurred the execution of perhaps hundreds of experiments
around the world. It is fair to say that Josh’s spirit of scientiﬁc inclu-
sion, as opposed to one of competition, is a very rare and special
quality, and is beﬁtting of a rare and special man.
Josh’s life revolved around his research and his laboratory at City
College. He mentored many undergraduates, graduate students, and
post-docs, and attracted countless collaborators from around the
world. Being part of his lab was to become part of Josh’s family.
Over time his family extended into the labs of his graduate students
andhismanycollaborators,where he remained a gentle andgenerous
inﬂuence both scientiﬁcally and personally. His unseen hand will
continue to be present in vision science research for years to come,
and his spirit of inquiry will remain with all who worked with him.
This special issue is dedicated to Josh’s memory. For all those
who knew him, hewill be deeplymissed.Wewill miss his infectious
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food). Mostly we will miss his deep and caring friendship. He was a
selﬂess and dedicated scientist, a brilliant and creative mind, a
trusted collaborator, and a wonderful mentor and friend.
4. Issue contents
In this special issue of Experimental Eye Research in tribute to
Josh Wallman, we have compiled fourteen review papers from col-
leagues and students on a variety of current topics that reﬂect Josh’s
research interests and contributions.
ON EYE MOVEMENTS.
Saccade Adaptation as a Model of Flexible and General Motor
Learning
James P. Herman, Annabelle Blangero, Laurent Madelain, Afsheen
Khan, and Mark R. Harwood.
Josh Wallman was fascinated by how visual experience guides
eye development and oculomotor behavior. This review by mem-
bers of his lab summarizes the evidence demonstrating both the
unexpected ﬂexibility of saccade adaptation and its commonality
with other forms of motor learning. Together with emerging evi-
dence linking saccade adaptation to operant and, perhaps, classical
conditioning, the authors argue that saccade adaptation will
become a model for studying learning more broadly.
ON EMMETROPIZATION AND MYOPIA.
Is Myopia a Failure of Ocular Homeostasis?
Ian Flitcroft
In his major review in Neuron (Wallman and Winawer, 2004),
Josh structured his view of myopia around the concept of homeo-
stasis and feedback regulation of eye growth.While myopia is often
referred to as a trait in its own right, there is a lot of largely ignored
evidence that suggests that it is the result of a failure of homeostatic
eye growth. This has implications for howwe treat refractive errors
and also why current genomewide scans have struggled to ﬁnd the
elusive “myopia gene”.
ON THE VISUAL REGULATION OF EYE GROWTH.
Ocular Diurnal Rhythms and Eye Growth:Where we are 50 years
after Lauber
Debora L. Nickla
The seminal work by Jean Lauber and her colleagues over ﬁve
decades ago introduced the notion that circadian rhythms may be
important in the control of ocular growth. Together Josh and theJosh was a great listener, trusted collaborator, and a deeply caring friend.author of this review investigated the intersection of these ﬁelds,
starting with the hypothesis that form vision could act as a Zeit-
geber and, as such, inﬂuence eye growth. This review covers the
various lines of evidence for a role for ocular diurnal rhythms in
emmetropization, including rhythms in ocular dimensions, signal
molecules, and the various effects of light cycle manipulations.
Pharmacology of Myopia and a Potential Role for Intrinsic
Retinal Circadian Rhythms
Richard A. Stone, Machelle T. Pardue, P. Michael Iuvone and Tejvir
S. Khurana
Josh was interested in how visual input at the retina could
modulate eye growth. The authors review two well-studied retinal
signaling pathways – acetylcholine and dopamine signaling – and
link them to recent ﬁndings on altered expression of retinal circa-
dian rhythm related genes. This may provide a much-needed mo-
lecular/biological framework to understand a wide range of
experimental and clinical observations about refractive develop-
ment, including recent ﬁndings on the inﬂuence of light on refrac-
tive development.
Light Levels, Refractive Development, and Myopia
Tom T. Norton and John T. Siegwart, Jr.
Josh approached the control of eye size and refractive state from
a broad biological background. How light levels and circadian
rhythms relate to eye growth were natural extensions of Josh’s
broad approach. In this review the authors propose a model in
which illumination levels produce a continuum of effects on
normal refractive development in which low light levels favor
myopia development and elevated levels are protective.
Time Outdoors and the Prevention of Myopia
Amanda French, Regan Ashby, Ian Morgan and Kathy Rose
This review summarizes the evidence that children who spend
more time outdoors are less likely to be or becomemyopic, and dis-
cusses the unresolved question of whether time outdoors also
slows progression of myopia. The authors discuss the possible
mechanism of these effects in the context of the links between
reduced dopamine release and the development of myopia demon-
strated in animal studies, and outlines the emerging evidence on
the use of increasing time outdoors for children as an approach
to the prevention of myopia.
Temporal Integration of Visual Signals in Lens Compensation
Xiao Ying Zhou
This review summarizes work from Josh’s lab on how the retina
integrates constantly changing visual signals to guide eye growth in
chicks. The results show that myopic defocus dominates over hy-
peropic defocus and this can be explained by different time con-
stants. Although most extensively studied in chicks, the nonlinear
temporal integration of visual signals has been found in other ani-
mal models. These ﬁndings may help explain the complex etiology
of myopia in school-aged children and suggest ways to slow down
myopia progression.
Optical Treatment Strategies to SlowMyopia Progression: Effects
of the Visual Extent of the Optical Treatment Zone
Earl Smith
In his seminal 1987 paper, Josh Wallman and his collaborators
demonstrated that the effects of vision on refractive development
were mediated by local retinal mechanisms that affected eye
growth in a regionally selective manner. This review analyzes the
results of recent clinical trials using myopic defocus restricted to
the peripheral retina to slowmyopia progression. This analysis sug-
gests that myopic defocus can slow myopia progression and that
Editorial / Experimental Eye Research 114 (2013) 1–54the greater the extent of the visual ﬁeld that is manipulated, the
greater is the efﬁcacy of the treatment regimen.
Astigmatism and its Role in Emmetropization
Chea-su Kee
The possible mechanisms leading to astigmatism and the role of
astigmatism in emmetropization are considered in this paper.
Although the etiology of astigmatism remains unclear, research in
chicks and monkeys suggest that astigmatic error may act as an er-
ror signal during emmetropization, but McLean and Wallman’s
work (2003) showed that the early compensatory response to
imposed spherical defocus was unimpeded by the presence of
high magnitude astigmatism.
ON THE BIOCHEMISTRY OF EYE GROWTH.
Investigating Mechanisms of Myopia Using Mouse Models
Machelle T. Pardue, Richard A. Stone, P. Michael Iuvone
Josh’s studies implicate the retina as a local source of signals for
eye growth. The advantages and challenges of using mouse models
toelucidate thepotentialmechanismsof refractivedevelopmentoffer
unparalleled opportunities to manipulate both genetic and environ-
mental factors. This review examines how ﬁndings from mouse
models compare to other myopia animal models, and considers
possible interpretations and the opportunities for future studies.
An Updated View on the Role of Dopamine in Myopia
Marita Feldkaemper and Frank Schaeffel
Josh was deeply interested in the biochemical pathways that
convert visual signals into changes in eye growth and made funda-
mental contributions tomany of the topics discussed in this review.
The authors revisit the evidence and possible mechanisms for the
role of dopamine in eye growth control and myopia development.
They also discuss the relationship of dopamine to the protective ef-
fects of bright light, which inhibits myopia.
The Choroid as a Sclera Growth Regulator
Jody Summers-Rada
Earlier studies by Josh Wallman demonstrated that the choroid
plays an active role in emmetropization, both by modulation of its
thickness and through the release of growth factors that have the
potential to regulate scleral extracellular matrix remodeling. Mo-
lecular and functional studies of the choroid provide support for
the hypothesis that the choroid is a source of scleral-growth regu-
lators that affect changes in ocular growth in response to visual
stimuli. Those ﬁndings are summarized in this report.
Regulation of Scleral Metabolism in Myopia and the Role of
Transforming Growth Factor-Beta
Neville McBrien
Josh’s seminal contribution demonstrating local ocular control of
eye growth and myopia suggests a biochemical signal cascade from
retina to choroid to sclera. This review provides a brief overview of
scleral metabolism and the changes that occur duringmyopia devel-
opment andprogression. Particular emphasis is given to the role that
growth factors play in the regulation of these metabolic changes,
which may lead to the scleral pathology observed in myopia.
ON THE GENETICS OF EYE GROWTH AND MYOPIA.
Genetic Contributions to Myopic Refractive Error: Insights from
Human Studies and Supporting Evidence from Animal Models
Felicia A. Hawthorne and Terri L. Young
Josh’s research established the foundation for investigations
into the intersection of genetic and environmental factors as con-
trols for visually-guided eye growth. Several studies supportnot only environmental inﬂuences, but conﬁrm a strong genetic
contribution to inheriting refractive error, and in particular
myopia. The authors provide a comprehensive review of map-
ping, association, and sequencing studies that have identiﬁed
several loci and genetic factors implicated with the development
and progression of myopia in humans. Determining the genes
involved with this disorder will enable further directed research
to uncover the biological basis of this condition and develop
custom therapies.References
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